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SYSTEM AND METHOD FOR 
CONTROLLING VEHICLE HYDRAULIC 

SYSTEM 

BACKGROUND 

The present invention relates to vehicles With lean control 
systems. In particular, the present invention relates to a 
vehicle With a hydraulically-actuated primary and auxiliary 
lean control system coupled to a vehicle leaning suspension 
system for enhancing vehicle stability. 

In a tWo-Wheeled motorcycle moving at a speed Within the 
range of approximately 0-15 mph, a combination of “in 
phase” steering and lean angle control is used to achieve 
directional control of the motorcycle. As the vehicle speed 
increases, it is increasingly necessary to use “counter” or 
“out-of-phase” steering in conjunction With lean angle con 
trol to achieve directional control. 

In a steady-state turn at speeds greater than approximately 
15 mph, the net moment at the motorcycle center of gravity 
(CG) and the handlebar moment applied by the operator are 
both Zero. In this case, the lean angle is such that the moment 
due to gravity and the moment due to lateral acceleration of 
the motorcycle are equal and opposite. An example of this is 
that, for a lateral acceleration on 1 G, a lean angle of approxi 
mately 45° is required for equilibrium in a steady state turn. 
Above speeds greater than approximately 15 mph, the 

operator is able to apply an “out-of-phase” moment to the 
handlebar Which, through Wheel gyro effect, Will result in 
moment about the motorcycle CG resulting in a correspond 
ing rate of change of the lean angle. The resulting change in 
lean angle (or camber) causes the motorcycle to turn, thereby 
increasing lateral acceleration. By adjusting the handlebar 
moment, the operator is able to increase the rate of change of 
the lean angle, decrease the rate of change of the lean angle, 
or hold a steady-state condition With constant turn radius. 
A three-Wheeled motorcycle, or “trike”, Will be kinemati 

cally unable to achieve the lean angles possible With the 
tWo-Wheeled motorcycle. For this reason, a different direc 
tion control strategy is required to facilitate vehicle stability 
during turns. 

SUMMARY 

In accordance With the present invention, a control system 
is provided for controlling energiZation of a plurality of 
valves in a hydraulic system. The control system includes a 
plurality of sensors, a signal processing circuit coupled to the 
plurality of sensors for determining a desired energiZation of 
the plurality of valves dependent upon measurements by at 
least a portion of the plurality of sensors, and a driver circuit 
coupled to the signal processing circuit for generating, 
responsive to the desired energiZation of the plurality of 
valves as determined by the signal processing circuit, a con 
trol signal to energiZe the plurality of valves to the desired 
energiZation. 

In another aspect of the invention, a control system is 
provided for controlling a plurality of hydraulic actuators 
operatively coupled to a vehicle for providing a desired con 
?guration of the vehicle. The control system includes a valve 
system coupled to the plurality of actuators for controlling a 
How of pressurized ?uid to the plurality of actuators, and a 
plurality of sensors for measuring vehicle parameters. An 
electronic controller is coupled to the plurality of sensors and 
includes a signal processing circuit for determining a desired 
energiZation of the plurality of valves corresponding to the 
desired con?guration of the vehicle, dependent upon mea 
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2 
surements by the plurality of sensors, and a driver circuit for 
generating, responsive to the desired con?guration of the 
vehicle as determined by the signal processing circuit, a con 
trol signal to the valve system for controlling the How of 
pressurized ?uid to the plurality of actuators, to energiZe the 
plurality of actuators to provide the desired con?guration of 
the vehicle. 

Other aspects of the invention Will become apparent by 
consideration of the detailed description and accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a three-Wheeled motorcycle 
including a leaning front suspension coupled to an auxiliary 
lean control system embodying the present invention. 

FIG. 2 is a side vieW of the three-Wheeled motorcycle of 
FIG. 1. 

FIG. 3 is a front vieW of the three-Wheeled motorcycle of 
FIG. 1, illustrating the three-Wheeled motorcycle in an 
upright position. 

FIG. 4 is a front vieW of the three-Wheeled motorcycle of 
FIG. 1, illustrating the three-Wheeled motorcycle in a leaning 
position. 

FIG. 5 is an enlarged perspective vieW of the front suspen 
sion of the three-Wheeled motorcycle of FIG. 1. 

FIG. 6 is an exploded perspective vieW of the front suspen 
sion of the three-Wheeled motorcycle shoWn in FIG. 5. 

FIG. 7 is a graphical representation of a potential energy 
function describing the vehicle state during operation of a 
primary lean control system of the vehicle. 

FIG. 8 is a graphical representation of a potential energy 
function of an auxiliary lean control system operable upon 
deactivation or malfunction of the primary lean control sys 
tem. 

FIG. 9 is an exploded perspective vieW of one embodiment 
of the auxiliary lean control system for the three-Wheeled 
motorcycle of FIG. 1. 

FIG. 10 is a partial cross-sectional vieW of the auxiliary 
lean control system of FIG. 9 With the three-Wheeled motor 
cycle in a leaning position. 

FIG. 11 is avieW similarto FIG. 10, Withthe three-Wheeled 
motorcycle in an upright position. 

FIG. 12 shoWs a resultant potential energy function derived 
by applying the energy stored in the auxiliary lean control 
system shoWn in FIG. 9 to the vehicle system, effectively 
combining the potential energy function shoWn in FIG. 8 With 
the potential energy function shoWn in FIG. 7. 

FIG. 13 is a schematic illustrating a hydraulic system for 
actuating the primary and auxiliary lean control systems of 
the three-Wheeled motorcycle of FIG. 1. 

FIG. 14 is a schematic diagram of one embodiment of a 
control system for controlling the hydraulic system for actu 
ating the primary and auxiliary lean control systems of the 
three-Wheeled motorcycle of FIG. 1. 

FIG. 15 is a portion of the schematic diagram of FIG. 14 
shoWing, in greater detail, one embodiment of an electronic 
control unit (ECU) suitable for use in the control system of 
FIG. 14. 

FIG. 16 is a continuation of the schematic diagram of FIG. 
15. 

FIG. 17 is a functional schematic vieW of a ?rst value 
generating circuit in accordance With the present invention 
shoWing one embodiment of the functional relationships 
betWeen desired beam angle, vehicle road speed, and steering 
angle that may be incorporated into an ECU of the present 
invention. 


























